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Abstract. In order to explore how the FR I / FR II di-
chotomy is related to the nuclear properties of radio galax-
ies, we studied a complete sample of 26 nearby FR II radio
galaxies using Hubble Space Telescope (HST) images and
compared them with a sample of FR I previously ana-
lyzed. FR I nuclei lie in the radio-optical luminosity plane
along a tight linear correlation, which argues for a common
synchrotron origin. FR II show a more complex behavior,
which is however clearly related to their optical spectral
classification.
Broad line FR II radio galaxies (BLRG) are located
overall well above the FR I correlation, suggesting that
a contribution from thermal (disc) emission is present.
Three narrow line (NLRG) and one weak line radio galaxy
(WLRG), in which no nuclear source is seen, can be inter-
preted as the obscured counter-parts of BLRG, in agree-
ment with the current unification schemes.
Conversely, in 5 sources of the sample, all of them
NLRG or WLRG, optical cores are located on the same
correlation defined by FR I and with similar radio and op-
tical luminosities. This suggests that, in analogy to FR I,
the emission is dominated by synchrotron radiation and
represents the optical counter-part of the non–thermal ra-
dio cores. Interestingly, all these galaxies are located in
clusters, an environment typical of FR I.
These results imply that, at least at low redshifts, the
FR II population is not homogeneous. Furthermore, the
traditional dichotomy between edge darkened and bright-
ened radio morphology is not univocally connected with
the innermost nuclear structure, as we find FR II with
FR I–like nuclei and this has interesting bearings from
the point of view of the AGN unified models.
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1. Introduction
The original classification of extended radio galaxies by
Fanaroff & Riley (1974) is based on a morphological
criterion, i.e. edge darkened (FR I) vs edge brightened
(FR II) radio structure. It was later discovered that this
dichotomy corresponds to a (continuous) transition in to-
tal radio luminosity (at 178 MHz) which formally occurs
at L178 = 2 × 10
33 erg s−1 Hz−1. The presence of radio
sources with intermediate morphology, in which typical
FR I structures (such as extended plumes and tails) are
seen together with features characteristics of FR II sources
(narrow jets and hot spots) (see e.g. Parma et al. 1987,
Capetti et al. 1995) argues in favour of a continuity be-
tween the two classes.
From the optical point of view both FR I and FR II are
associated with various sub-classes of elliptical-like galax-
ies, but statistically their populations are different (Zirbel
1995). Owen (1993) found that the FR I/FR II division
is also linked to the optical magnitude of the host galaxy,
possibly suggesting that the environment plays an impor-
tant role in producing different extended radio morpholo-
gies. Moreover, FR II are generally found in regions of
lower galaxy density and are more often associated with
galaxy interactions with respect to FR I (Prestage & Pea-
cock 1988, Zirbel 1997). Differences are also observed in
the optical spectra: while FR I are generally classified as
weak-lined radio galaxies, strong (narrow and broad) emis-
sion lines are often found in FR II (Morganti et al. 1992,
Zirbel & Baum 1995), although a sub-class of weak-lined
FR II is also present (Hine & Longair 1979).
Within the unification scheme for radio-loud AGN (for
a review, see Urry & Padovani 1995), FR I and FR II
radio galaxies are thought to represent the parent popu-
lation of BL Lac objects and radio-loud quasars, respec-
tively (Antonucci & Ulvestad 1985, Barthel 1989). In or-
der to explain the lack of broad lines in the “mis-oriented”
(narrow-lined) FR II–type objects, obscuration by a thick
torus is invoked. A combination of obscuration and beam-
ing is therefore necessary at least for the FR II-quasars
unification (e.g. Antonucci & Barvainis 1985). However,
there is evidence that this simple picture is probably in-
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adequate: some radio–selected BL Lacs - among the most
powerful sources in the class - display an extended radio
structure and luminosity typical of FR II (Kollgaard et
al. 1992, Murphy et al. 1993) and broad - although weak
- lines have been observed in some BL Lacs. Moreover,
Owen et al. 1996 noted that the lack of BL Lacs in a sam-
ple of radio galaxies located in Abell clusters can be an
effect of their selection criteria if the parent population
of BL Lacs includes both FR I and FR II. This idea is
also consistent with a recently proposed modification of
the unification scheme, which claim that the weak-lined
FR II are indeed associated with BL Lac objects (Jackson
& Wall 1999). These observations can be however recon-
ciled with the unification scenario once continuity between
the weak and powerful radio–loud sources is allowed and
thus transition objects are expected.
In Chiaberge et al. (1999, hereafter Paper I) we stud-
ied HST images of all FR I radio galaxies belonging to the
3CR catalogue, finding that unresolved nuclear sources are
commonly present in these objects. A strong linear cor-
relation is found between this optical and the radio core
emission, extending over four orders of magnitude in lumi-
nosity. This, together with spectral information, strongly
argues for a common non-thermal origin, and suggests
that the optical cores can be identified with synchrotron
radiation produced in a relativistic jet, qualitatively sup-
porting the unifying model for FR I and BL Lacs. Fur-
thermore, the high rate detection ( >∼ 85 %) of optical
cores in the complete sample indicates that a standard
pc–scale geometrically thick torus is not present in these
low-luminosity radio galaxies. Any absorption structure, if
present, must be geometrically thin, and thus the lack of
broad lines in FR I cannot be attributed to obscuration.
Alternatively, thick tori are present only in a minority
of FR I. Given the dominance of non-thermal emission,
the optical core luminosity also represents a firm upper
limit to any thermal component, suggesting that accre-
tion might take place in a low efficiency radiative regime.
The picture which emerges from this analysis is that
FR Is lack substantial thermal (disc) emission, Broad Line
Regions and obscuring tori, which are usually associated
with radio-quiet and powerful radio–loud AGN.
As a natural extension of Paper I, here we study the
HST images of a sample of low redshift FR II radio galax-
ies, in order to explore how the differences in radio mor-
phology are related to the optical nuclear properties. In
particular, one of the most important questions is whether
the FR I/FR II dichotomy is generated by two differ-
ent manifestations of the same astrophysical phenomenon,
and the transition between the two classes is indeed con-
tinuous, or instead it reflects fundamental differences in
the innermost structure of the central engine.
The selection of the sample is presented and discussed
in Sect. 2, while in Sect. 3 we describe the HST observa-
tions. In Sect. 4 we focus on the detection and photometry
Fig. 1. Total radio luminosity (at 178 MHz) vs redshift
diagram for the FR I (empty circles) and FR II (filled
circles) samples.
of the optical cores. Finally, in Sect. 5 we discuss our find-
ings.
2. The sample
The sample considered here comprises all radio galaxies
belonging to the 3CR catalogue (Spinrad 1985) with red-
shift z < 0.1, morphologically classified as FR II. We di-
rectly checked their classification for erroneous or doubtful
identifications by searching the literature for the most re-
cent radio maps. The final list (see Table 1) constitutes
a complete, flux and redshift limited sample of 26 FR II
radio galaxies.
We searched for optical spectral classification and/or
optical spectra, in order to differentiate our sources on the
basis of the presence of broad or narrow emission lines.
For only one source (namely 3C 136.1) we could not find
spectral information in the literature. All spectral types
usually associated with FR II galaxies are represented in
the sample: five objects are BLRG, fifteen are classified
as NLRG, while four show only weak lines in their optical
spectrum (WLRG). The remaining source, namely 3C 371,
has been classified as a BL Lac object. In Table 1 redshifts
and radio data are reported, as taken from the literature,
together with the optical spectral classifications.
In Fig. 1 we show the redshift vs total radio luminosity
diagram for the sample of FR II galaxies, together with
the sample of FR I discussed in Paper I, but limited to
sources with z < 0.1 for coherence with the FR II sample.
FR II have a median redshift z = 0.06, and total radio
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Table 1. Summary of FR II radio and optical data.
Name Redshift Spectral Log L178 Log Lr (5GHz) Fo (7000 A˚) Log Lo (7000 A˚)
z class. erg s−1 Hz−1 erg s−1 Hz−1 erg s−1 cm−2 Hz−1 erg s−1 Hz −1
3C15 0.073 NLRG 33.16 31.54 <–28.12 <26.85
3C33 0.059 NLRG 33.51 30.27 no HST observations
3C35 0.067 NLRG 32.75 30.27 <–28.47 <26.42
3C40 0.018 WLRG 32.24 30.60 – –
3C88 0.030 WLRG 32.46 30.50 –27.64 26.57
3C98 0.030 NLRG 32.78 29.25 <–28.58 <25.64
3C105 0.089 NLRG 33.38 30.36 no HST observations
3C111 0.049 BLRG 33.18 31.69 –26.51 28.12
3C136.1 0.064 - 33.00 – – –
3C192 0.060 NLRG 33.16 29.73 <–27.86 <26.94
3C198 0.082 NLRG 33.31 – –27.10 27.96
3C227 0.086 BLRG 33.57 30.48 –26.27 28.83
3C236 0.099 WLRG 33.52 31.51 <–28.26 <26.95
3C285 0.079 NLRG 32.80 29.93 –29.44 25.58
3C318.1 0.046 NLRG 32.66 – –28.94 25.63
3C321 0.096 NLRG 33.23 30.78 – –
3C326 0.089 NLRG 33.02 30.34 <–28.11 <27.02
3C353 0.030 NLRG 33.56 30.54 <–28.71 <25.51
3C371 0.050 BL Lac 32.37 31.89 –25.56 29.09
3C382∗ 0.058 BLRG 32.95 31.13 –25.11∗ 29.66∗
3C388 0.091 WLRG 33.49 31.04 –27.96 27.18
3C390.3∗ 0.056 BLRG 33.46 31.38 –25.91∗ 28.83∗
3C402 0.025 NLRG 32.01 29.73 –27.49 26.57
3C403 0.059 NLRG 33.23 29.87 –28.19 26.60
3C445∗ 0.057 BLRG 33.13 31.34 –25.56∗ 29.20∗
3C452 0.081 NLRG 33.81 31.24 <–28.22 <26.83
L178 and Lr are the total (at 178 MHz) and core radio luminosities, taken from the literature. Fo is the flux of the optical core.
Total radio luminosities are calculated from Ku¨hr et al. (1981) or Gower et al. (1967). Radio core luminosities are taken from
Zirbel & Baum (1995). “<” indicate upper limits, i.e. not detected optical cores, “*” indicate objects in which the optical core
saturates, “–” in the Fo and Lo colums mark objects with complex nuclear morphologies for which we do not estimate the core
flux and “–” in the Lr column indicate unavailable radio core data in the literature.
luminosities at 178 MHz are between 1032 and 1034 erg
s−1 Hz−1 (H0 = 75 km s
−1 Mpc−1 and q0 = 0.5 are
adopted hereafter). Notice that whereas the two samples
are selected at the same limits of redshift and flux, FR II
are, on average, more luminous and distant than FR I.
3. HST observations
HST observations of the FR II sources are available in
the public archive (up to April 1999) for 25 out of the 26
sources (only 3C 33 and 3C 105 have not been observed).
The HST images were taken using the Wide Field and
Planetary Camera 2 (WFPC2). The whole sample was ob-
served using the F702W filter as part of the HST snapshot
survey of 3C radio galaxies (Martel et al. 1999, De Koff
et al. 1996). For 3C 192 we used a F555W image, as this
source was not observed with the F702W filter. Exposure
times are in the range 140–300 s. The data have been pro-
cessed through the standard PODPS (Post Observation
Data Processing System) pipeline for bias removal and
flat fielding (Biretta et al. 1996). Individual exposures in
each filter were combined to remove cosmic rays events.
4. Optical cores in FR II
In Paper I we have adopted a simple operative approach,
based on the analysis of the nuclear brightness profile, in
order to establish when an optical core is present in a ra-
dio galaxy. As in the case of FR I sources, the FWHM fall
into two very distinct regimes: in 11 cases we measured
a FWHM = 0.05′′ – 0.08′′, i.e. indicative of the presence
of an unresolved source at the HST resolution, while in 8
cases we found widths larger than 0.2′′. We therefore be-
lieve that no ambiguity exists on whether or not a central
unresolved source is present.
In three sources (3C 382, 3C 390.3 and 3C 445) the
central regions are saturated. While, on the one hand, this
prevents us from deriving their brightness profile, on the
other is by itself a clear indication of a point-like source.
In fact diffuse emission would produce saturation with our
instrument configuration and exposure times only for sur-
face brightness < 13 mag arcsec−2 in the R band, much
larger than typically observed in the central regions of
radio-galaxies at this redshift. Furthermore in all these
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Fig. 2. HST/WFPC2 broad band images of three FR II: 3C 192 is a NLRG showing a diffuse nucleus; 3C 388 is a
NLRG with an optical core; 3C 390.3 is a BLRG.
sources we observe diffraction rings and spikes, the char-
acteristic hallmarks of the HST Point Spread Function.
We performed aperture photometry of these compo-
nents. The background level is evaluated, as in Paper
I, by measuring the intensity at a distance of ∼ 5 pix-
els (∼ 0.23′′) from the center. The dominant photomet-
ric error is thus the determination of the background in
regions of steep brightness gradients, especially for the
faintest cores, resulting in a typical error of ∼ 10%. For
the saturated cores we evaluated their fluxes by compar-
ing the PSF wings with those of several bright stars seen
in archival HST images taken with the same filter. This
method leads to a somewhat larger uncertainties, 25 % as
estimated from the scatter of measures obtained with dif-
ferent reference stars, which arise from the time dependent
structure of the HST PSF. In Table 1 we report fluxes and
luminosities of the optical cores.
All of the images were taken using broad band filters,
which include emission lines. In particular, the F702W
transmission curve covers the wavelength range 5900 −
8200 A˚ and thus within our redshift range includes the
Hα and [N II] emission lines. Unfortunately, no HST nar-
row band images are available for the NLRG and WLRG,
however, we expect the line contamination to be small, due
to the wide spectral region covered by the filters used (∼
2000 A˚) with respect to typical lines equivalent width. We
correct the broad band fluxes only in the case of BLRG,
where the emission of broad lines is probably co-spatial to
the optical core, using ground-based data taken from the
literature (Zirbel & Baum 1995). The resulting emission
line contribution is typically 25 − 30% of the total flux
measured in the F702W filter.
In 8 cases the nuclear regions only show diffuse emis-
sion: for such galaxies we estimate upper limits to a pos-
sible central component evaluating the light excess of the
central 3x3 pixels with respect to the surrounding galaxy
background. The remaining 3 sources show complex mor-
phologies, e.g. with dust lanes obscuring the central re-
gions, and no photometry was performed.
FR II cores span a wide range of optical luminosities
Lo (from 10
25.5 up to 1030 erg s−1 Hz−1). In Fig. 3 we
report the optical core versus radio (5 GHz) core lumi-
nosity for the FR II sample, superimposed to the data
(as from Paper I) for FR I galaxies limiting ourselves, for
consistency, to those with redshift z < 0.1. FR II show a
complex behavior, which however seems to be related to
their optical spectral classification.
Let us firstly consider the blazar, 3C 371. As one might
expect, since its emission is dominated by beamed syn-
chrotron radiation, it is among the brightest source both
in the radio and in the optical band (see Fig. 3). In the
Lr vs Lo plane it falls in the low luminosity end of the
region defined by radio selected blazars (Chiaberge et al.,
in preparation).
The second group of sources is represented by the
BLRG (3C 111, 3C 227, 3C 382, 3C 390.3 and 3C 445):
all of them have very luminous optical cores (Lo > 10
28
erg s−1 Hz−1) being – together with 3C 371 – the most
powerful objects of the sample and clearly separating from
the other FR II in the diagram. Notice that they have an
optical excess (or radio deficiency) of up to 2 orders of
magnitude with respect to the radio-optical core luminos-
ity correlation found for FR I.
In 5 WLRG and NLRG, namely 3C 88, 3C 285, 3C 388,
3C 402 and 3C 403, we detected optical cores which share
the same region in the luminosity plane as FR I sources
with luminosities between Lo = 10
25.5 up to more than
1027.5 erg s−1 Hz−1.
The 8 upper limits, all associated with WLRG or
NLRG, are also plotted. Four objects (3C 35, 3C 98,
3C 192 and 3C 326) lie close to the correlation defined
by FR I. Conversely, 3C 15, 3C 353, 3C 452 and 3C 236
present an optical luminosity deficit of one to two orders
of magnitude given their radio core emission with respect
to FR I.
No radio core data have been found in the literature
for 3C 136.1, 3C 198 and 3C 318.1.
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Fig. 3. Optical nuclear luminosity versus radio (5 GHz)
core luminosity for both the FR I (open circles) and FR II
(filled circles) samples. Different symbols are used to iden-
tify different spectral classifications. The dashed line is the
correlation found in the case of FR I galaxies (see Paper I).
5. Discussion
In the 24 nearby FR II radio galaxies (out of a complete
sample of 26) studied in this paper, 13 show an unresolved
optical core, in 8 cases we can only set an upper limit to
their luminosity, while 3 sources present a complex nuclear
morphology. The location in the optical-radio core lumi-
nosity plane is clearly connected to the optical spectral
classification.
Conversely, cores in FR I radio galaxies show a lin-
ear correlation between their radio and optical luminosity,
which strongly argues for a common non-thermal origin.
The presence of such correlation provides a useful bench-
mark to investigate the origin of optical cores in FR II.
In the following we consider each FR II group sepa-
rately.
5.1. Broad Line Radio Galaxies
Let us first focus on BLRG. These sources present, overall,
a strong optical excess (or radio deficit), of up to two or-
ders of magnitude, with respect to the correlation defined
by the FR I cores (see Fig. 3). Note that in the sample of
nearby FR I, the only source lying well above the radio-
optical correlation is 3C 386, which also shows a broad Hα
line.
BLRG are objects in which the innermost nuclear re-
gions are thought to be unobscured along our line of sight
(Barthel 1989). We therefore expect the presence of a ther-
mal/disc component: indeed this might dominate over any
synchrotron jet radiation and thus be responsible for the
observed emission. The idea that we see directly an accre-
tion disc is supported by several observations: in the case
of 3C 390.3, a bump in the spectral energy distribution
has been interpreted as radiation emitted by a disc com-
ponent with intermediate inclination (Edelson & Malkan
1986). Furthermore, the broad and double peaked Hβ line
observed in this source as well as in other BLRG (see e.g.
Eracleous & Halpern 1994), can be accounted for within
a relativistic accretion disc model (Perez et al. 1988).
The location of 3C 111 is puzzling, as it lies along the
correlation. However, several pieces of evidence point to
the idea that beamed radiation from the relativistic jet
significantly contributes in this source: it has the largest
core dominance among the BLRG of our sample; superlu-
minal motions with apparent speed v ∼ 3.4c have been
revealed in the inner jet (Vermeulen & Cohen 1994), im-
plying that the angle between the line of sight and the
jet axis is smaller than ∼ 30◦; the radio core is strongly
variable and polarized (Leahy et al. 1997). Furthermore
a broad Kα iron line is detected in the X–ray band, but
with a relatively small equivalent width which can be ex-
plained if the continuum emission is diluted by a beamed
component (Reynolds et al. 1998). However, its total ra-
dio extent of ∼ 250 kpc argues against a viewing angle
typical of blazars. Thus 3C 111 appears to be a transition
source between radio-galaxies and blazars, seen at an an-
gle sufficiently small that the jet beaming already affects
its nuclear properties.
5.2. WLRG and NLRG with optical cores
Let us now concentrate on the NLRG and WLRG in which
we detected optical cores. These objects (2 WLRG and 3
NLRG), all with FR II radio morphology, have cores with
radio and optical emission properties that are completely
consistent with those found in FR I. This suggests that in
these sources the nuclear emission is similarly dominated
by synchrotron radiation from the inner jet.
In the case of FR I, based on the high fraction of de-
tected nuclei, we suggested that any obscuring material
must be geometrically thin and thus the absence of broad
lines and the relative weakness of any thermal (disc) com-
ponent with respect to the synchrotron emission cannot
be ascribed to extinction.
For FR II with FR I–like nuclei – of which we do not
have enough statistics – there is an alternative possibility,
namely that the optical core (jet) emission is produced
outside the obscuring torus (and thus outside the BLR).
In this sense they would represent transition objects seen
at an intermediate angle between the completely obscured
and unobscured ones. However, VLBI observations show
that radio cores are unresolved on scale of ∼ 0.1 pc in
nearby radio galaxies and this suggests that their optical
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counter–parts have a similar extent, as already discussed
in Paper I. Furthermore, a symmetric jet-counter jet struc-
ture has been observed in several radio sources, implying
that they lie essentially in the plane of the sky (Giovan-
nini et al. 1998). If the core emission is indeed produced
outside the torus, at a distance of, say,∼1 pc from the cen-
tral black hole, a clear separation between the two sides
of the jet (and no stationary core) should be observed
in these highly misoriented objects (although, at present,
symmetric jets have been found only in FR I). This ad
hoc geometrical model does not seem to be viable, but a
conclusive test requires spectropolarimetry looking for po-
larized scattered broad lines. A further indication could be
obtained from the comparison of the nuclear infrared (re-
processed?) luminosity of FR Is and FR IIs with FR I–like
nuclei of similar optical luminosity.
We conclude that these FR II are intrinsically narrow-
lined objects which are in every aspect, except their ex-
tended radio-morphology, similar to FR I. Note that the
presence of an FR I-like nucleus in a FR II does not seem
to be connected with the total (radio) luminosity or red-
shift of the galaxy. In fact, the total power of such sources
spans the range L178 = 10
32
−1033.5 erg s−1 Hz−1 and the
redshifts are between z = 0.025− 0.091, completely over-
lapping with the entire sample and not limited, as one
might expect, to the low luminosity end.
Conversely, it appears that a possible relationship ex-
ists between the occurrence of FR I-like nuclei in FR II and
the environment, as all these 5 galaxies reside in clusters.
This result can be particularly important, as it is known
that FR I and FR II inhabit different environments, with
FR II generally avoiding rich groups, especially at low
redshifts (Zirbel 1997), while FR I are usually located in
rich clusters. However, before any firm conclusion can be
drawn about this issue, a larger sample of objects has to
be considered.
5.3. WLRG and NLRG without optical cores
In 8 galaxies, all WLRG or NLRG, we do not detect
the presence of an unresolved nuclear component. Four
sources are located above or very close to the FR I corre-
lation. They are consistent with being objects in which an
optical counter–part to the radio core is present, but it is
too faint to be seen against the bright background of the
host galaxy.
The remaining 4 objects (3 NLRG and 1 WLRG) are
certainly more interesting, since they lie 1 - 2 orders of
magnitude below the correlation. Therefore they lack not
only of a BLR, but also of the expected optical counter-
part of the radio core. However, note that these sources
have radio core luminosities which cover the same range of
BLRG. According to the prescriptions of the unification
schemes, they can well be the obscured counter–parts of
BLRG. Noticeably, excluding the blazar 3C 371, BLRG
and these obscured sources clearly distinguish themselves
for having the brightest radio cores among FR II.
6. Conclusions
In Chiaberge et al. (1999) we discovered that FR I nuclei
lie in the radio-optical luminosity plane along a tight lin-
ear correlation. We argued that this is due to a common
synchrotron origin for both the radio and optical emission.
FR I nuclei must also be unobscured and intrinsically lack-
ing of BLR and of significant thermal emission from any
powerful accretion disc.
In order to explore how the differences in radio mor-
phology are related to the optical nuclear properties, we
analyzed HST images of 24 extended radio-galaxies mor-
phologically classified as FR II, belonging to the 3C cat-
alog and with z < 0.1. We detected optical cores in 13
sources, which implies that the covering fraction of any
obscuring material is less than ∼ 0.54, or equivalently, the
torus has an opening angle of ∼ 63◦. This can be even
larger if at least some of the upper limits are actually just
below the detection threshold. Notice that our determina-
tion of this critical angle is inconsistent with the division
between higher redshift (0.5 < z < 1) 3CR quasars and ra-
dio galaxies, which has been found to be θ ∼ 45◦ (Barthel
1989). This might be a problem, however the low redshift
selection of our sources does not allow to derive any firm
conclusion. We are currently studying a larger and higher
redshift sample in order to further investigate this issue
(Chiaberge et al. in preparation).
Our results suggest that the radio morphology is not
univocally connected with the optical properties of the
innermost structure of radio galaxies. In fact, at least at
low redshifts, there is not a single homogeneous population
of FR II: unlike FR I, they show a complex behavior,
which is however clearly related to their optical spectral
classification.
In BLRG optical nuclei are likely to be dominated by
thermal (disc) emission. As discussed above, line emission
contamination cannot account for this excess. In agree-
ment with the current unification scheme of radio loud
AGNs, we also identify their possible obscured counter–
parts. It seems that broad lines and obscuring tori are
closely linked and both are present only associated to ra-
diatively efficient accretion.
We also find five FR II sources, spectrally identified as
narrow lined objects, which harbor nuclei essentially in-
distinguishable from those seen in FR I. By analogy with
FR I, we argue that their optical nuclear emission is pro-
duced primarily by synchrotron radiation, they are not
obscured to our line of sight and therefore intrinsically
lack a BLR.
Clearly, a classification based on the optical nuclear
properties, as seen in these HST images, is more likely to
reflect true similarities (or differences) on the nature of the
central engine (such as, e.g., the rate of radiative dissipa-
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tion in the accretion disc) than the traditional dichotomy
of radio morphology.
From our data and within the limits of the available
statistics, we find no evidence of a continuous transition
between the two classes (FR I and FR II), as they are well
separated in the Lr vs Lo plane. At this stage we only
point out that sources with cores below Lo < 10
27.5 erg
s−1 Hz−1 (or equivalently Lr < 10
31 erg s−1 Hz−1) have
FR I like nuclei, while FR II start above this threshold.
It is of particular interest that a significant fraction
of FR II (at least 30 %, but can be as large as 50 %
depending on the nature of the sources without detected
optical nuclei) have FR I–like nuclei. The fact that all of
these are located in clusters, an environment typical of
FR I, might represent an important hint on the origin of
the different flavours of radio galaxies, worth exploring
through the study of a larger sample of objects.
These results have also interesting bearings from the
point of view of the unified models. In fact, this picture
argues against the idea that all FR II radio galaxies con-
stitute the parent population of radio-loud quasars. We
propose instead that galaxies with FR II morphology and
an FR I-like core are possibly mis-aligned counter–parts
of BL Lac objects. This can account for the observation
that some radio-selected-type BL Lacs show radio mor-
phologies more consistent with FR II than with FR I (e.g.
Kollgaard et al. 1992).
To conclude, we note that all of the galaxies included
in our sample are low redshift objects with total radio
powers not exceeding L178 ∼ 10
27 erg s−1 Hz−1: thus a
crucial observational issue is to understand whether these
results hold to higher power/redshift samples or they are
limited to low luminosities FR II. This will be explored in
a forthcoming paper.
Acknowledgements. We thank Jim Pringle for insightful
suggestions and Edo Trussoni for useful comments on the
manuscript. The authors acknowledge the Italian MURST for
financial support. This research was supported in part by the
National Science Foundation under Grant No. PHY94-07194
(A. Celotti).
This research has made use of the NASA/IPAC Extragalactic
Database (NED) which is operated by the Jet Propulsion
Laboratory, California Institute of Technology, under con-
tract with the National Aeronautics and Space Administration.
References
Antonucci R., Ulvestad J.S. 1985, ApJ 294, 158
Antonucci R., Barvainis R. 1990, ApJ 363, L17
Barthel P.D. 1989, ApJ 336, 606
Biretta J.A., Burrows C.J., Holtzman J.A. et al. 1996, Wide
Field and Planetary Camera 2 Instrument handbook, ed.
J.A. Biretta (Baltimore:STScI)
Capetti A., Fanti R., Parma P. 1995, A&A 300, 643
Chiaberge M., Capetti A., Celotti A. 1999, A&A 349, 77
De Koff S., Baum S. A., Sparks W. B. et al. 1996, ApJS 107,
621
Edelson R.A., Malkan M.A. 1986, ApJ 308, 59
Eracleous M., Halpern J. P. 1994, ApJS 90, 1
Fabian A. C., Rees M. J. 1995, MNRAS 277, L55
Fanaroff B. L., Riley J. M. 1974, MNRAS 167, 31
Giovannini G., Cotton W. D., Feretti L., Lara L., Venturi T.
1998, ApJ 493, 632
Gower J. F. R., Scott P. F., Wills D. 1967, Mem R. Astron.
Soc. 71, 49
Hine R. G., Longair M. S. 1979, MNRAS 188, 111
Jackson C. A., Wall J. V. 1999, MNRAS 304, 160
Kollgaard R. I., Wardle J. F. C., Roberts D. H., Gabuzda D.
C. 1992, AJ 104, 1687
Ku¨hr H., Witzel A., Pauliny-Toth I. I. K., Nauber U. 1981,
A&AS 45, 367
Leahy J. P., Black A. R. S., Dennett-Thorpe J. 1997, MNRAS
291, 20
Martel A. R., Baum S. A., Sparks W. B. et al. 1999, ApJS 122,
81
Morganti R., Ulrich M.H., Tadhunter C.N. 1992, MNRAS 254,
546
Murphy D.W., Browne I.W.A., Perley R.A. 1993, MNRAS 264,
298
Owen F.N. 1993, in Jets in extragalactic radio sources, edited
by H.J. Roeser and K. Meisenheimer (Springer, New York),
p.273
Owen F. N., Ledlow M. J., Keel, W. C. 1996, AJ 111, 53
Parma P., De Ruiter H. R., Fanti C., Fanti R., Morganti R.
1987, A&A 181, 244
Perez E. , Mediavilla E., Penston M. V., Tadhunter C., Moles
M. 1988, MNRAS 230, 353
Prestage R. M., Peacock J. A. 1988, MNRAS 230, 131
Reynolds C. S., Iwasawa K., Crawford C. S., Fabian A. C. 1998,
MNRAS 299, 410
Spinrad H., Djorgovski S., Marr J., Aguilar L. 1985, PASP 97,
932
Urry C. M., Padovani P. 1995, PASP 107, 803
Vermeulen R. C., Cohen M. H. 1994, ApJ 430, 467
Wrobel J. M., Lind K. R. 1990, ApJ 348, 135
Zirbel E. L. 1995, ApJ 473, 713
Zirbel E. L. 1997, ApJ 476, 489
Zirbel E. L., Baum S. A. 1995, ApJ 448, 521
Zirbel E. L., Baum S. A. 1998, ApJS 114, 177
Zirbel E. L., Baum S. A., O’Dea C. P. 1995, ApJ 451, 88
